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Abstract. A collection of polyauxoirophic mutants of the 
obligate methylotroph Me&yJobacUlus flagellatum KT was 
obtained. On the first step two stable auxotrophic mutants 
with a high requirement for amino acids supplements were 
isolated by treatment with iritrosoguanidrae and selection 
on complete medium. Spontaneous variants of these 
mutants with a low requitftmcfcl for nutrient supplements 
were the base for obtaining polyauxotrophic strains. It was 
shown, that the growth of* mutant* of M. flugtltalwn KT 
is inhibited by complete medium. Some amfavft g\ctria amj 
nucleotides arc the inhibitor components of complete media. 
An approach for selection of auxotrophic mutants of indi* 
vidtwl genes was worked our. on minimal medium. The 
nnttmnl conditions for nitrosoguanidine muta genesis of 
fiteeU&tuFn KT were dovelfmed. The possi ble 

mechanisms or action of some or the nutrient supplements 
on the growth otM.JIascUattm KTaro disenswd. 

Key words: McthyfobacilJus flagellatum KT — Obligate 
rncthylctroph -~ Nitrosoguaoidinc mutagenesis — 
Auxotrophic mutants 



Despite the considerable number of genetic studies which 
have been carried out on mcthylotrophic buctcriau progress 
in the genetic analysis of mcthylotrophs has been slow (de 
Vries 1986). The flrw step in genetic investigation ol* any 
microorganism involves the isolation of auxotrophic 
mutants. The isolation of mutants in tnahyloiroph* and 
especially in obligate methylolrophie bacteria has not prov- 
ed as easy as with hcteroirophic bacteria. The isolated 
mutants of facultative methylotropbs included autotrophs 
with leaky phenotype and a number of mutants unable to 
grow on Ol compounds (O'Connor et al 1977; O'Connor 
and Hanson 1976% For Mezhyhphibv mczJiylotrcphus. 
an obligate methylotroph, using N-rae%l-N'-mtrc-N- 
mtrooguanidine icmp^turc-scnsitive mutants have boen 
obtained, including nuxotrophs QHiiidm et al. 1980). 
Nevertheless, using a variety of methylotropbs and a 
broad range of mutagens^ including UV irradiation, 
mirosoguanidine, methyl roethano aulphonate and ethyl 
methane sulphonate the mutagenesis procedures have not 
been developed for effective isolation of mutants in 
mcthylotrophs. 
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A new approach for isolation of auxotrophic mutants In 
the facultative methylotroph Mcthybbactcrmm ANTi was 
developed by Whitta et al (1 985). Auxotrophic mutants and 
mutant* involving C-1 metabolism have been obtained using: 
transposon Tn5 mutagenesis. 

The reasons why some of the chemical mutagens are not 
cfTcclive in the isolation or mutants in methyletrophs are 
still not entirely clear, ft has been suggested that the absence 
of permeability for metabolites and therefore the death of 
potential auxotrophic mutants could be responsible for the 
tack of mutagenesis in mcthylotrophs (Haberei al. 1983), A 
lack of an SOS DNA repair system may also be the reason 
for kick of response \o 0 V irradiation and other mutagens 
(Higgins et a), \ 9 51 ; Williams and Shimmin 197S). The 
limited range of autotrophs found may result also from the 
Selection procedures used including plating of mutogentsed 
cells on complete media and inhibition of auxotroph? by 
individual amino adds (Whitta otal, 198S), 

in order to overcome the problems involved in carrying 
out genetics in obligate mcthylotrophs we haw developed 
□itrosoguanidinc induced mutagenesis for Mttlxyiobaciltus 
JlctgeltouM K.T (Govorukhina et al 1987). Thi* ictrain is 
an obligate methytotroph which assimilates methanol by 
KDPGA/TA variant of ribulose monophosphate pathway. 
Preliminary results on isolation of mutants were reported ht. 
the C-i Symposium in Holland. 198& 

Materials and methods 
&ttctcria( strain* 

The strains orMciliyfobatUitaJlagcllGium KT obtained and 
employed in the present study are pven in Table 1. Media 
pud conditions o/cuUivpzicn. Foe growing strains of M.Jla- 
Zdfatvm KT wc used minimal salts M9 medium (Mania tis 
et al, 1982) and complete LB medium (Miller 1972) with 2% 
methanol as a source of carbon and energy (M9M and LBM, 
respectively). Solid media contained 1,5% agar. For growth 
stimulation sodium-pyruvate was added to solid media 
M9M to a final concentration of 0.1% (M9MP). Nutriencs 
required for growth of auxotrophic mutants were added at 
concentrations of: 400—500 ugfrnl for strains with 
high requirement of amino acids; 200 ug/ml threonine, 
tryptophan, adenine for corresponding auxotrophic mu- 
tants and 200^g/ml histidine for mutants MFKl* and 
MFK17: 200 ug/ml tyrosine for mutant MFKS0; 10 fig/ml 
of biotin for Wotin^requiring strains and 100 ug/rnl of the 
remaining amino adds. Strains resistant to streptomycin 
(Sm). nalidixic add (Nal) and rif&mpicin (RiD were grown 



8/26 * RCVDAT 6/23/2004 8:54:52 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS: 8729306 * CSID:202 457 01 07 * DURATION (mm-ss): 1 1-58 



JUN-23-2004 09=10 AJINOMOTO CORP SERU LLC 202 457 0107 P. 19/26 



113 



Table 1, Strains of MrttiytobactltHtJlczelfotuni KT 



Strain* Genotype* 



"Derivation 1 - origin 



MFK3H 
MFK3 



MFTC4 

MFX5 

MFK6H 
MFK6 



MKK7H 
MFKfih 
MFIC9H 
MFK10 

MPKJi 
MFK12 
MFK13 
MFKI4 

MFKI5 

MFKI6 

MFKJ7 

MFKIB 

MFK.19 

MFK10 

MFfCil 

MFK22 

MFK23 

MFK24- 

MFK40 

(ItfMrtin*) 

MFK41 

MPK43 

MHC44 

MFK45 

MFJC4£ 

MFK49 
MFK5C 



protottoph, wild type 
proxotrcph */r-t 

tohl Jtfr-I 



prototrophtfr-t 



me/-G j/H 
friM fhM x/r*i 

y«t-t //j^xiM 

/«u-i /ifriH jfr-J 

toJtt jwi*t rtp$ 

ptuAX strA 
kuA ilt AX str-\ 

fr/jfil stht 
ttu~\ ityrt j/M 

str*l 
rfT-5 , 

fcw-1 AfeiM mk/-4 
frv-1 hlsm met Ail* A2 
MM Aitffi meM i7j*-I 

AMI 



Govorukfciai el H. 1987 
MFIC1. aponuincans for 

MFK2 

MFKJH, spontaneous for 
lowered rc^uircTneniof 
leucine 

MFK.3. spontaneous Tor 
r$\ 

M FKX spontaneous 

revcrtani 

MFIC1 

MFKW, spofiMiwous for 

towered requirement of 

amino acidi 

MFK2 

MFK2 

MFK3 

MFEC&. spontaneous Tor 

wM.NTCfor/w-l 

MFKJ 
MFlO 
MFIO 

MFK1& spontaneous Tor 

rip* 

MFia 

MFIC3 
MFKJ 
MFK3 
MFK3 
MFK* 
MFK4 
MFJC3 
MF3C3 



MFK3 
MFK3 
MFK3 

MFK14 

MFK43 

MFK43 

MFIC43 
MFK43 
MFJC43 

MFK43 

MFK43 



* Auxotrophic mutants with high requirement of ami no adds arc 
designated wiih indet '"H^-Ki^h 

* Genotype symbols ate the cm: as Aoso usod for Escherichia celt 
K-\2 (&achnui»i 1983); exception &rt ; if/, itrcptomycin rcs$tinco; 

reqwrcmcM for v»Tincu isoleudnc and leucine (Hello w*y and 
Morgan 1936) 

c All auxoirophic mutants were obtained *Acr troLtmait of the 
parent str^So uxlicaicd with NTG 

on nieditt supplemented with 300 pg/ml Sm, 20 jig/ml >Jal 
and 100 iig/ml Rif.iw-jxsctivcly. Cells were cultured at 42° C, 
and */i£Ourouly amtcd, when in liquid media. These 



condition* and growih on liquid medium M9M provide a 
generation time of J -2 hours for MFK 1» 
with one or two auxotrophic muiationa. compared to 3-* 
4 h Tor strains witl\ three and four auxotrophic mutations. 

Treatment with N-mtlhyt-K-iitiro-N-mtrosogtianidi™ 
(NTG) 

For optimizing the conditions of NTXJ-rnutageiicsis the 
-auxotrophic mutants of M.Jlogeifaimn KIT >^cre grown for 
16— l&h on M9M medium, vjth ihe eorresponding 
supplements, up to :i denaiy of 6~S x 10* cclH per ml. A 
suspension «r cells in cultural medium or 0^ M citrate- 
phosphaiffbuflcrwas treated with NTGflt.42' f C<theco»ceii- 
traiion of NTCj. pH or the hufler and the time of exposure 
are described in the text for separale cxpcrinricnis). Treat- 
ment with NTG was followed by two washes >vith an equal 
volume of M9 medium at trC and rewispcnsion in a triple 
volume of medium LBM or M9M with required supple* 
ments. Part of ihe muiu^eni2«l culture was spread on plates 
containing M9MP raedium und retjuircd supplements for 
determining the survival rate. The remaining part was grown 
for 2-3 h at 42 n C, followed by concentration of the ceJX 
suspereion by ccntrifufiation- These cells were resuspended 
on M9 medium and aliquoU spread as follows: on plates 
with M9MP medium and required supplements for 
determining the number of vbble cells and on plates vith 
*ME>MP medhitn without one amino acid for determining 
reversion frequency, For isolating auxotrophic mutants 
NTG mutagenesis was applied in conditions optimal for 
M.JlQ£tllatwn KT (see Result*). 

Determination of enzyme activities of hhtidtoe 
and aromaiic amino acid biosyxlhem 

Wild type rtrain MFKJ and mutant strains were growa for 
24 h at 42° C on M9M medium with required supplements. 
Cells were sedJmentcd by ccntrifugAtion (50QO rpm, 10 mio), 
washed rwke with 0,01 M Tr&HCl buffer, containing 0^ M 
Naa (pK IS) and resuspended with a 200-fold dilution of 
initial cultures in 0.01 Tris-HC buffer -with 0.006 M 
P-mercapioetbanol (pH 7.5). The cells were then *omeated 
for J mln. The suspension or ruptured celts was centrifuged 
(10000 rpnu 10 mirt), the supernatant was used, for deter- 
mining the enzyme activities. All the procedures wereearried 
oui at 4°C The activities of enxyme* were determined by 
methods described earlier : histidinol dehydrogenase (HDG) 
(Ciclsa et al. 1975), hiilidtnol phosphate phosphatase 
(HPFT) O^ly 1974). chorismiiW mutosc (CRM) and pro- 
phenate dehydratase (PDT) (Fiskc ei al. 1983). Protein con- 
centrations were determined by the method of Lowry et al. 
(1951). 



Results 

Isolation of auxotrophic rrmumts on complete medium 

Treatment with NTG was used for the isolation auxotrophic 
mutants of MethylabaciUvsflageiiatum KT, After scree ni&g 
more than 15000 mulagcniied clones grown on LBM me- 
dium, we selected Several potential auxotrophic mutants. 
One-required leucine (MFKSH). ihc other required valine, 
isolcucrac and leucine simult*nwii4y (MFK6H). The Vir 
phenotype was previously described for Pseuehmcnas put uia 
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PPN (Holloway and Morgan 1986). The requirements of 
MFK3H and MFK6*H for respective amino acids were 
400 - 500 pg/rnE- Spontaneous derivatives of there strains 
with lowered requirement for amino acids (100 pg/ml) were 
isolated (designated MFK3 and MFK.6). The level of re- 
versions to the wild type was 10"* for mutation leuA and 
10~ 6 for mutation w7-l. 

Thus, asa result of this NTG-mutagenesisonly two types 
of M* Jlageiiatim KT auxotrophic mutants were obtained. 
Such a limited spectra or auxotrophic mutaats upon selec- 
tion on complete medium was observed also for other 
rnethylotrophs after mutagenesis with NTG (O'Connor et 
at 1977; Cliesche and Hinch 193$) or Tn5 (Whitta et al 
1985). 

Isolation of auxotrophic muiants on supplemented minimal 
medium 

As a result we developed a different strategy for mutant 
selection, which consisted for seeding the mutagemzed cells 
on minimal medium supplemented with respective in- 
dividual amino acid*. 

Mutagcnized cultures of MFK2 were plated on M9M 
medium, comprising 500 jxg/ml tryptophan or methionine. 
Of the 5000 clones that appeared on medium containing 
tryptophan, one required tryptophan (MFK7H) and among 
the $000* that appeared on medium containing methionine. 
2 required methionine (MFEC8H and MFK9H). Both 
supplements being used at a level of 500 pg/ml* 

It is worth noting that strains of Af. flageilatum KT, 
particularly the auxotrophic mutants, grow very slowly on 
solid M9M medium, and do not always form individual 
colonics. The efficiency of plating was also reduced. Addi- 
tion of 0.1 Va sodium pyruvate restores the usual efficiency 
of plating, the ability to form separate colonies and to a 
large extent stimulates the growth QfM.Jtt%eliatom KT on 
minimal medium. Moreover, it reduces the differences in 
growth rates of the wild type strain and mutant strains. 
Sodium pyruvate alone can not support the growth of 
M.jlagctfamm KT strains but increases the growth rate of 
MFK1 by 19% during cultivation in liquid M9M medium 
(unpublished data). Growth of some type I mcthanotrophs 
has been reported to be enhanced by different multlcarbon 
compounds (Whiitcnbury ot al. 1970; Zhao and Hanson 
19S4). 

Influence of complete medium on growth 
ofauxotropJdc mutants 

In order to estimate the influence of complete medium on 
auxotrophic mutants, a comparative analysis of their growth 
on LBM and M9MP was carried out. Strains with a high- 
requirement for supplements (MFK3H and MFK.6H), 
selected on LBM medium, grow on both media with a similar 
rate (time of colony formation), but their efFectivity of 
plating on LBM medium was 5-10 times lower than on 
M9MP medium- Derivatives of these mutants with a lowered 
requirement for amino acids (MFK3 and MFK6) grow on 
LBM and M9MP media at equal rates and to a similar 
titre. The growth rate of strains with a high-requirement in 
nutrients (MFK7H and MFKSH), selected on M9M me- 
dium was sufficiently lower on LBM medium* and the 
efficiency of plating was 5- 1 0 limes lower than on M9MP 
medium. Many of the polyauxotrophic mutants obtained 
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Tabla 2. EITcct or supplements on plating efficiency oFM >Jl<r#elfaCKm 
KT strains' ^ 

Supple- Conecn- Plating efficiency of st wis (%} 



mcnt 


trataon 
fcg/rnl) 


MFK1 


MFfCS 


MFK3 




400 


170 


ft* 


to 


200 


ji 


ft 


50 




100 


n 


n 


50 


Trp 


400 


160 


n 


20 






ji 


30 




IUV 


n 


n 


50 


Lys 






Q 


50 


ZOO 


n 


n 






100 


n 


150 


n 


Met 


400 


n 


n 


50 




200 


170 


n 


50 




loo 


190 


170 


n 


lie 


400 


n 


n 


50 




200 


190 


n 


50 




too 


190 


150 


n 


Thr 


400 


n 


0.1 


5 




100 


n 


0.1 


n 




too 


150 


n 


A 


Oly 


400 


n 


0,1 


0.1 


200 


200 


n 


0.1 




too 


150 


n 


n 


Cys 


400 


O.t 


0.1 


0,1 


200 


0,1 


0.1 


0.1 




too 


10 


0.2 


50 



* The cell suspensions were seeded on dishes with M9MP medium 
comprising one or the supplements (t 00. 200 or 400 fig/ml) 

* n, supplement has no effect or influence the p&Ung efficiency to 
less than 50% 



later on the basis of MFK3 were fully incapable of growth 
on LBM medium. 

Effect of nutrient supptetwits on growth of 
M.Jlagellatum KT strains 

In order to estimate the influence of amino adds and 
nucleotides on M.fiagcliatum KT we used strains MFK1 
(wild type), MFK3 (Leu ~ derivative of MFK1 with lowered 
requirement for Leu) and MFK5 (spontaneous Leu + res 
vertant of MFK3). The effect of nutrient supplements on 
the growth of these strains were evaluated by the plating 
efficiency and the growth rate (see the legends to Table 2 
and 3). All the nutrients can be subdivided into several 
groups according to their effect on MFKl, MFK5 and 
MFK3. 

Asp. Tyr, Leu do not influence significantly the growth 
of these strains. 

Gin, Pro (100 ng/ml) increase the plating efficiency of 
MFK1 by 50-60%. Asn, Ala (400 pg/ml) have a similar 
effect on MFFC5. 

Arg, lie, Lys, Met, Trp have a stimulatory cficct on 
MFKJ andyor MFK5» but decrease the MFK3 plating 
efficiency (Table 2). 

His, Val, Ura (400 pg/ml); Phe (200, 400 pg/rnl); 
(200 jig/ml) decrease the plating efficiency of MFK3 by 
50-60% and GJu, Ade (400 tig/ml) by 80-90%. 

Sex (200, 400 |ig/ml) reduces the plating efficiency of 
MFK5 by 70~S0%. 
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TaWo 3w Effect of supplements on the growth rate of Af .JlcgcUatuM 
KT strains* • 



Supplement 


Concentration 


Growth rate of strains 


<UE/ml) 


MJFKi 


MFK3 


Ala 


400 


a 


— — * 




200 


n 


_ 


Trp 


400 


ti 




200 


n 




lie 


400 


n 




Vftl 


400 


n 






200 


n 




Thr 


100 




n 


Ade 


400 






Met 


400 








200 




n 




too 




a 


Phe 


400 








200 




n 




too 




n 


Gly 


200 






100 







■ Normally the strains studied form colonics of! —2 mm at the 2nd 
day of growth 

b The growth rate was evaluated by the umc of lwcrccolony 
appearand mierocoic*rici at the 2nd day of growth; — — , 
microeoloniw tt the 3d day of growth etc. 



Thr and Gly in low concentrations increase the MFK-1 
plating efficiency.. These amino adds have no effect on 
MFK1 and completely inhibit the growth of MFK5 at high 
concentrations; Thr and Gly repress also the growth of 
MFK3: Thr has a more pronounced effect on MFKS and 
Gly - on MFK3 flablc2). 

Cys in high concentration* completely inhibit* the 
growth of MFK1 and MFKS and strongly reduces the 
MFK3 plating cflkacucy. The reduction of the plating 
efficiencies of these strains is observed upon decreasing the 
concentration of Cys (Table 2). 

Some supplements, which insignificantly decrease the 
growth rate of MFK1, have a far more stronger effect on 
MFKS and MFK3 (Table 3). MFKS is more susceptible to 
the inhibitory action of Met, Phe and Thr, while MFK3 - 
of Oly, Ala, Trp, Val, lie reduce the growth rate of MFK3 
only. 

Thus, some nutrients, which have no or little inhibitory 
influence on MFK1, completely or significantly repress the 
growth of MFKS. At the same time most of The supplements 
studied inhibit the growth of MFK3. but not MFKS, or 
have a more pronounced effect on MFKS. Diminishing ct 
the supplement concentrations causes reduction of the in- 
hibitory effects (Tables 2 and 3), Moreover the inhibitory 
action of some supplement on MFKS is prevented or de- 
creased upon adding any other supplement to the growth 
medium. For example, the inhibition of MFJC5 growth at 
Thr (200 ttg/ml) can be completely overcome by adding 
Leu (100 ug/ml), Met (100 ug/mlX Trp (200 ug/ml) or lie 
(400 ugfaD- Arg (400 ug/ral) and Lys (400 iig/ml) restore the 
plating efficient of MFKS by 20-40% only. The Inhibitory 
action of the supplements on MFK3 is prevented upon 
increasing the concentration of Leu in the growth medium. 
For example, increasing the concentration of Leu from 



100 ug/ml to 400pg/rnl in the medium comprising Gly 
(200 ug/ml) leads to a complete restoration or the plating 
efficiency and to a significant restoration of the growth rate 
of MFK3. 

We studied also the influence of mixtures of nutrients, 
according to Holliday (1956), containing 100 or 200 ug/ml 
of each supplement on the growih of MFK3. Mixtures Ala, 
Cys. Thr, Met (200 ug/ml of each supplement) and Gly, 
Ser, Cys (200 ug/ml each) completely inhibit the growth of 
MFK3; Phe, Ser, Trp, Tyr (200 jig/ml each) and Gly, D* 
His, Lys, Val (ZOO ug/ml each) stronfiiy decrease the growth 
rate; Ade, Phc. Ala, Arg (200*ig/ml each) - reduce tte 
plating efficiency by 70-80%. Mixtures contouring 100 jig/ 
ml of each supplement do not inhibit significantly the growth 
of MFK3 and its polyuuxotrophic derivatives (MFK11, 
MFK13, MFK18, MFK19). 

Optimization of conditions for NTG tnutagcne&t 

Isolation of several auxotrophic mutants allowed us to study 
the lethal and mutagenic efTcct of NTG on U./Iagellatum 
KT quantitatively and to determine the conditions of 
maximal mutagenic effect For confirming the general re- 
sults obtained in experiments on optimization of NTG 
mutagenesis on strain MFK3, similar studies were 
performed also with mutants MFK12 and MFK10 
(derivatives of MFK3 and MFK6\ respectively), obtained in 
optimized conditions of mutagenesis* 

With the aim of optimizing M~ flagellatum KT NTG 
mutagenesis, wc studied the action of factors influencing the 
efTectivity of NTG mutagenesis of genetically well-studied 
microorganisms (Miller 1972). The effect of mutagen dosage 
was studied in a broad interval of time and concentrations. 
The maximal frequency of reversions for all markers was 
achieved during a J hexposure with 150 itg/ml NTG (Fig. 1, 
Table 4). The survival of the studied strains of 
M* ftagcUatUfh KT was significantly lower than for other 
bacteria, for example Escherichia coli (Adelberg et al. 1965). 

A maximal level of mutations of £ coli strains upon 
treatment with NTG was obtained by using buffers pH 5.0 — 
6.0 (Miller 1 972)- The influence of pH on the yield of reverse 
mutations and viability of M, flagelkttum KT was studied 
in analogous conditions. The highest level of reversions was 
observed at pH 5.4 (Eible 5), Changes in buffer pH from 
5.0 -7.0 caused a significant decrease in survival. Moreover, 
the pH of the medium directly affects the viability of cells: 
the survival of bactcria t when incubated for 1 h in buffer 
pH 5.0 was three times higher than in buffer pH 7.0- It is 
worth mentioning that the viability of cells, treated with 
NTG in culture liquid (pH 6,0-6.2) was significantly higher 
than after mutagenesis in dtrate^phosphate buffer with the 
same pH. The level of revertants being practically similar. 

The presence of 50 ug/ml chloramphenicol (Cm) in the 
medium for mutagenesis during treatment of E. coli K.12 
-with low concentrations of NTG leads to an increase of the 
frequency of direct and reverse mutations from 5 to 50 times, 
with only a slight decrease in survival (Skbr 1978). High 
concentrations of Cm (250— 500 ug/ml) increase the 
frequency of reversions 1.5—2 times and reduce the survival 
Of MFK3 mutagenized cells to the same extent (Fig. 2). An 
analogous effect was observed upon lowering the concentra- 
tion of NTG to 3 ug/mL Cm in a concentration of 50 ug/ml, 
which increases the efTectivity of NTG mutagenesis of 
£L coil K12, has a directly opposite effect on MFK3» when 
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Kfr lA-C 

Survival) and reversion frequencies of strains pf 
M*tHyfohecMutfo$citaium WFK3. MFK12. MFK10 as 
function of NTOconeenuation. Astrain MPK3: B strain 
MFK12: C Strain MFK10. The celt suspensions were trailed 
w«h different concentrations of NTG in culture liquid for 
IK 



Table 4 

Survival and reversion frequency of 
M.jTageflatwrt MFK3 as Amotion of 
incubation time with KTG* 



Survival and reversion frequency of 
NTO-tceaKd M>flafrI1utitm MFK3 
Ainciion of pH* 



Duration of 
treatment (min) 


15 30 45 60 75 


SurvrvaJ 
Frequency of 
leu* rovcnanls 


1.7xl0~ a 1.7x10" 2,7*10*-* l.SxlO"* 
5.7X10-* 2.1x10** 2.4xl0-» t.SxlO'* t.lXlO* 3 


* Two suspensions of strain MKK3 txJts were treated with NTG by adding 150 nc/ml to the 
culture liquid for different time intervals 


PM 


k* 5.0 5.4 <k0 64 7,0 


Survival 

Frequency of leu* 
revcrtanl* 


WlxlO-* 3.2x10 _s 2.05C10" 55 l,3xl0"> 3.0xtCT 6 5.5*10'' 
2.8x10"*. ZOXTO^ 9,2xKT a 2.4x10-* 2^x10" 2.0*10-* 



- The suspension of strain MFK3 cetb In culture Jlquld or 0.1 M ritnilo-phojphau buffo- with 
difTcrcnl pH valve* were treated for 1 h with 1 50 u$/ml NTG 
** tn culture medium 




Hjt. X Effect of Cm conccntrution on survival and reversion fre- 
quency of NTC^rctlcd siram M.flegrfhtum MFK.3, The suspen- 
!S25 2 MFK3«cu> in culture liquid were treated vn'ih 150 jjg/ml 
NTG for 1 h m the presence of n run$c of Cm conccntraiions 

a decrease in ibe frequency of reversion* is accompanied by 
a slight Increase in cell survival. 

The combination of factors that most Increased the level 
of reversions led to a toml increase of mutagenesis cflcciivaty 
to 8 - 38 times for individual markers (Table G). 



isolation ofpolyauxorrophic mutant* 

Most or the supplements at a concentration of 100 Mfc/fnl 
have no or little inhibitory effect on the growth of MFK3 t 
thai used a* a parental strain for the isolation of polyauxo- 
trophic mutants. Because of this, MFK3 cell suspensions, 
treated with NTG in optimal conditions, were plated on 
M9MP medium comprising Leu and one of the supplements 
in concentration of 100 (tfi/ml. By this approach orsdection, 
mutants defective in the synthesis of phenylalanine 
(MFK1$) and Isoteucinc (MFK19) were obtained, Met~- 
derivativc or strain MFKjS (MFK10) were obtained 
similarly. 

Mutants defective in threonine (MFKH and MFK12) 
and adenine (M5JK41 and MFK.42) synthesis were selected 
only when the concentration of nutrients was augmented to 
200 ug/ml. Mutants defective in histjdinc synthesis (MFKI 3 
MFKJ5. MFK16> MFJC17) were selected in analogous 
conditions. 

It was shown further that mutants MFK13 and MFKlS 
have stable growth on medium comprising 100 |ig/ml of 
histidinc, while MFK16 and MFK17 require not less than 
-00 pg/ml histidine. 
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Tab* & Oh» of «te PH Cm on «uvival ,nd rc^on frequency *HK»«d Af, A*** MFK3. MFK12. MFK« 
strains" ■ ■ ' 



Medium Survival 



Rcvcrfion Frequency 



MFK3 



MFK1Z 



MFK10 



MFK J tcu* MFK121CU 4 " MFKmhr* MPKtOmcl' MFKIOvil* 



2.0 st 10"* 
2.0x10"* 
I4)xl0" 



3.0 x tO' 5 
1.7x10"° 
5.8x10"* 



1.8x10° 



3**10-* $AxW** 6.4xlO-V 

uxio- 3 uxicr- MwW* 

3,*x10*** «xlO" 4 5.0 xlO" 1 



ZOXtO"* 
6.0X10'* 
2.0x10** 



33x10-* 
1.1x10-° 
4Ax10~ 3 



•^^".k of sinfns MFK3. MFK10 and MFK12 Ml U«tod for 1 h *Mi 150 u^l NTG in culture «q* « h 0.1 M 
cUrttto-fiKftcphate buffer pH S„d with 0.5 ms/ml Cm or wUho«ilUn 
b In cuitwc medium . „, A 

* rn0.1Mdtfttte«phosphfltefcuner{pH5,4) 

fl in 0,1 M dtrata-phoaphttW bulfcr (pH 5 A) supplunm led with 0-S mgfml Cm 



In order to increase the ertectiviiy of selection and Tar 
obtaining mutunts defective in common stages of amino arid 
biosynlhcscs wc carried out selection on M9MP medium, 
comparing combinations of nutrient fcctert* with no inhibi- 
tory effect on MPK3 firowih. Combination of Met* Thr 
(200 |ig/ml each) allowed us co select only mutants defective 
in xnrtttonnus synthesis (MFK20 and MFK21); composi- 
tion ortrp, Ura. Asp <200u£/ml) and panttfheuic Mid 
(25 jig/ml) — only mutants defective In tryptophan synthesis 
(MFK22 and MFK23); combiiKition of Adc ArgpOO ng/ 
ml each). Bio (25 WK/ml) — on) y mutants defective m biotln 
synclusis (MFK24— MFK40). The absence of Thr~ 
mutants upon selection on media with Met, Thr is now dear, 
since wc gained evidence that methionine in. concentration 
200 i^/ml strongly inhibits the growth of rnutaaU requiring 
threonine. However, argminc (200 ag/ml) ha* no effect and 
biotln (25 tig/ml) even stimulates the growth of mutants 
requiring adenine. Thus the absence of mutants defective in 
adenine synthate in the particular case, is not linked directly 
with the inhibitory effect of supplements or the insufficient 
concentration of adenine. Mutants MFK20, MFK21. 
MFK22 and MFK23 have a stable growth on medium, 
containing 100 ug/ml required nutrient*. The stable growth 
of mutants MFK24— MFK40 was provided by lOjifl/mi 
biotin. 

Using ttram MFK14 grown in the presence of 100 jig/ 
ml of methionine, we obtained mutant MFK43 that was 
used in the following experiments for isolation of mutants 
with four auxotrophic mutations, using combinations with 
nutrient supplements (100ng/mi each). Combination or 
Adci Phc, Ala, Arg allowed the selection of mutants defective 
in alanine (MFK44) and phenylalanine (MFK47) syntheses; 
combination of GlyJIc,Val.U:ra — mutants, requirins 
lcucine (MFK45) and isoleiicinc and valine simultaneously 
(MFK46); combination of Gly,So;Cys - mutants defective 
in glycine and serine with high frequencies of reversions 
(10^-10^*); combination of Phe,Tyr,Trp,Ser — mutants, 
requiring phenylalanine (MFK4&), tyrosine (MFK49) or 
both* simultaneously (MFK50). All the isolated mutants 
required 100 U£frai of the corresponding supplements, white 
MFK50 required 200 ux/ml tyrosine. 

Mutant MFK50, ihai requires phenylalanine and 
tyrosine simultaneously, most probably carries two 
mutations in phenylalanine and tyrosine syntheses, This is 
indicated by different levels of reversions on m*dia» that 
comprise only phenylalanine or ryrosine. and the absence of 



revcrtants on media depleted of both amino aads- Jhis 
supposition is confirmed also by the data on xho activity or 
enzymes involved in the syntheses of aromatic amino acids. 

Upon checking the mutants MFK47 and WFK48 re- 
quiring phenylalanine* we revealed that mutations mel-4*J& 
htsBJ or parent strain MFK43 bj these mutants reverted ^to 
the wild type- Similarly. In mutants MFK41 and MFK142* 
requiring adenine mutation tan* J reverted to the wild type. 

The frequency of isolation of auxotrophic mutants varies 
ftorn 0»$4% for Bio' mutant* to 0.02% for Ilv" mutants- 
The lewis of spontaneous reversions to the wild type ate 
10~*-10~* for different auxotrophic marlcers- 

De termination af metabolic defect* 
in some auxotrophic mutants 

By studying the growth of mutants requiring tryptophan on 
media comprising indole or anthranilate, we jrevodod ihat 
strains MFK.7H and MFK23 firow only on indole, while 
strain MFHC22 grows on indole or anthranflate, A. eonoen- 
trarjon of lOug/ml of precursors is sufficient for normal 
growth. The ability to grow on indole or anthranilate in- 
dicates a mutation in gene ttpE, that encodes anthraniLste 
synthetase. Strains MFK7H and MFK23 can probably 
carry a mutation in genes ^trpD > trpC or trpB (Crawford 
1975: Camakurisand Fittard I97i), 

The activity ofCHM and FDT were determined in crude 
extracts of strain MfKI cells and mutanu, requiring 
phenylalanine or phenylalanine and tyrosine simultaneously. 
The levels of the activity of these enzymes in M.jlagctlaiwn 
were much lower than in E. cotx (In and Pittaid 1971)- The 
activity of CHM was practically the same in strain MFKi 
$aA all the mutants studied — 0,S— 0.6 nmol/xrJn • mg pro- 
tein* The activity of POT was lower in mutants compared 
to 0.3-0.9 junol/mitt ' rn$ protein in the wild type strain: 
for mutaat strain MFKI 8 it was 7%; for MFK47 - il% ; 
for MFK.48 - 23%; for MFK5Q - 27%. all indicatuie a 
mutation in scne pfasA. 

Trie acrjviriei of HI>G and HFPT» two etisymes of 
Kistidinc biosynthesis were dotermined in exude CKtracts of 
strain MFK3 and their derivatives, requiring histidme 
(MFKI 3, MFK15, MFK16, MFKI 7). The levels of enzyme 
activities of M*fla$eUatwn and E. coli (Garrick-Silvcrsmith 
and Hartman 1970) were similar. The activity of HOG in 
strain MFK3 was 1 .06 nmol/min • mg protend the activity 
of HFFT — 1.26 nmoUmin * mg protein- All the mutants 
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£ 1 reveal the activity of HDO (t .06 - 4.06 amoVinin - mg pro 

V ccUO- The levels of HPPT activity were 074, 3.20, 
f JJ6 uaoVmin • mg protein ia strai ns MF K15, MFK16. 

V 1 MFK17, resptctivcIy.The activity orKFFT was completely 
i- j absent in mutant MFKl 3, which suggest a mutation ia gene 
} htsB (Goldschmidt et al. 1970). 



; Discussion 

\ The reasons preventing the isolation of auxotrophic mutants 

] of mcthylotrophic bacteria can be strain-specific and 

f common for all or several methylotrophs. From our point 

} ! of view the selection of auxotrophic mutants on complete 

] media seems to be one of the common reasons at least 

j | for those obligate and facultative methylotrophs for wich a. 

! limited ran$e of auxotrophi upon selection on complete 

■ medium was observed (O'Connor et al. 1977; Tatta and 

;. j Goodwin 19S3; Gliescha and Kitsch 19*6)- Inhibition or the 

j growth of mutant* by components of complete medium was 

' J suggested by Whitta et at. (19S5) for explaralna the limited 

i spectntm of auxotrophic mutations upon TnS induced 

- i mutagenesis in facultative metbylotroph Methyiobacterium 

! AMI. 

\ StnolesontheobK^temethylotrophM.^ag^/aftviiKT 
j carried out in the present study indicated that some of the 

! nutrient supplements and some their mixtures to have inhibi- 

tory effect on growth of M. flogeltetum KT strains, We 
demonstrated that prototroph (MFK5) obtained from 
auxotrophic mutant with lowered requirement for Leu 
J (MFK3) is more susceptible to the inhibitory action of the 

l same nutrients, than wild type strain (MFK1). We suppose 

\ that MFKl has a low permeability for the growth factors, 

i therefore the availability of the essential nutrients in LBM 

medium can be insufficient for some auxotrophic mutants 
originated from wHd type strain. The mutation of lowered 
' requirement for Leu most probably causes increasing or the 

permeability cot only for Leu, but for all or most of the 
nutrients* We demonstrated also that most of the nutrients 
have far more srroDgcr inhibitory effect on autotroph 
MFK3> than on isogenic prototroph MJFK5. Hence the in- 
hibition by nutrients can lead to a death of somo potential 
auxotrophs and limitation of die spectrum of auxotrophic 
mutations. 

Thus, the influence of complete medium on the selection 
of auxotrophic mutants M-flagellatum KT can be explained 
by two ptoccsses-mhibition and starvation for nutrients. 
Inhibition cau be linked with the effect of nutrient 
supplements on metabolic regulation. Such a possibility 
was shown for methanotrcphs Mtthyiococcus capxdutus 
(EccJesion and Kelly 1973) and Mcihylococcus ihcrmopfiUus 
(Pinehuk 1586). Indeed, some of the amino acids completely 
or partially inhibit the growth of wild type strain and pro- 
totroph MFK5. Starvation for growth factors can be pro- 
voiced by two reasons — an insufficient concentration of 
some nutrients in the complete medium and/or by competi- 
tion between the growth factors for penetrating the cell. 
Such a competition is characteristic forimcrooxganisnis that 
transport their nutrients by facilitated diffusion, via the low- 
afliniry system of active transport, or by a combination of 
both processes (Ecdcston and Kelly 1972). Some results 
indicate that this is true Tor M* JlagellatUM KX Firstly, 
the inhibition of the growth of prototroph MFKS can be 
prevented by adding any other supplement to the growth 



medium, and secondly, the Inhibition oF the growth of 
auxotrophic mutant MFK3 ia the presence of different 
nutrient supplements is completely recovered by increasing 
the concentration of Leu. 

Thus, the isolation of auxotrophic mutants from 
arbitrary meihyLotrophic bacteria can be based on the 
consecutive selection of mutants for individual genes using 
mineral media supplemented with high concentration of cox* 
responding nutrient. These experiments must involve the 
analysis of the inhibitory effect of nutrient supplements on 
the growth of the wild type strain and in particular, of the 
mutant strains, This approach has allowed us to isolate 
auxotrophic mutants of the restricted facultative 
methylorroph Organism W3A1 (Colby and Zatman 1975) 
and mcthonotroph Methylomonas mlhanica (Txotseoko 
1976), 
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